This cross-sectional study examined whether the prevalence of behavioral and biological risk factors of former elite athletes (both men and women), differed from nonelite athletes and nonathletes. A total of 491 individuals (225 former elite athletes, 168 former nonelite athletes, and 98 nonathletes) participated in this study. Major behavioral and biological risk factors identified in the 2002 World Health Report were assessed. Apart from alcohol consumption, former elite athletes had at least 70% lower likelihood than nonathletes for the other behavioral risk factors. Regarding biological factors, being overweight/obesity seems to be the one where minor differences exist, with a significant odds ratio only among female former elite athletes (0.09, p < 0.001) when compared to nonathletes. In general, the results showed healthy outcomes among former elite athletes. Albeit the results extend to both sexes, women appear to have slightly healthier outcomes. Being a former athlete, especially at an elite level, seems to be associated with decreased risk factors for major chronic diseases.
Introduction
There is a widespread scientific and public health policy consensus that behavioral factors such as cigarette smoking, hazardous alcohol drinking, physical inactivity, and unhealthy dietary practices significantly contribute to morbidity. 1 The literature suggests that former elite athletes adopt a healthier lifestyle 2 and therefore, when compared to the general population, have a lower likelihood for major chronic diseases. 3, 4 This healthy lifestyle comprises interacting patterns of health-related behaviors, orientations, and resources adapted by groups of individuals in response to their environment. 5 Nevertheless, these differences could also arise from youth, when athletes strengthened their body, especially the circulatory system, by regular intensive physical training. 6 Moreover, biological and mental features associated with athletes, especially those who reached higher levels, can also contribute to their lower morbidity. 7 This raises the question of whether these lifestyle characteristics, as well as the suggested risk factor's protection, differ from those of former nonelite athletes.
Therefore, our study examined whether the development of behavioral and biological risk factors of former elite athletes (both men and women), differed from nonelite athletes and nonathletes.
Materials and methods
We identified 597 former elite athletes who represented Portugal in selected sports at least once in the Olympic Games, World or European championships, or other international competitions; 747 former nonelite athletes who competed in selected sports for at least 3 consecutive years in their adult life, but at no time represented Portugal; and 531 control individuals randomly selected from the national phonebook contacts (from the 20 Portuguese districts, in order to get a similar distribution to the athlete's group), who were never athletes and matched for age. In order to be eligible, all participants had to be at least 30 years old and at the time of the study had to have ended their career for at least 3 years. Sports federations provided and confirmed the athletes' sports history, as well as the absence of sports history in the control group.
Former elite athletes competed between 1969 and 2005. The selected sports were volleyball, gymnastics, archery, field events (throwing and jumping), judo, canoeing/rowing, sprint running, middle-and long-distance running, triathlon, decathlon, swimming, basketball, handball, and soccer.
According to the available data (contacts within sports federations databases), we first conducted telephone interviews with former athletes and controls in order to make the study known and describe our goals (1378 individuals). After consenting to participate (868 individuals), we invited former athletes and controls to come to one of the laboratories provided for the collection of biochemical measures, and mailed a questionnaire (preceded by a pilot study that attested the reliability) based on the STEPwise Approach to Surveillance e STEPs (for the general analysis of risk factors for chronic diseases) and Global Physical Activity Questionnaire e GPAQ (for the specific analysis of current duration and intensity of weekly participation in physical activity), both from the World Health Organization (WHO).
This questionnaire, as well as the study protocol, were approved and validated by the local ethics committee, and included data on demographic information (age, sex, and occupation), behavior and biologic characteristics (tobacco use, alcohol consumption, diet, history of physical activity after the career, history of raised blood pressure, cholesterol, triglycerides, and glucose, and prevalence of chronic diseases), physical measurements (height, weight, waist, and blood pressure), and biochemical measurements [blood glucose, triglycerides, total cholesterol, high-density lipoprotein cholesterol (HDL) and low-density lipoprotein cholesterol (LDL)]. We also asked questions about the history of each of the biologic risk factors among first-degree blood relatives (fathers and siblings).
The response rate was 78% for former elite athletes, 71% for nonelite athletes, and 64% for nonathletes, reducing the study population to 627 participants. We excluded pregnant women (5 women), individuals who had cardiovascular diseases, diabetes types I and II, cancer, or those who did not undergo biochemical measurements or did not mention the treatments they were receiving (12 former elite athletes, 45 former nonelite athletes, and 74 nonathletes, totaling 131 individuals). Thus, the study population was comprised of 267 men and 224 women, to give a total of 491 participants (225 former elite athletes, 168 former nonelite athletes, and 98 nonathletes).
Physical activity engagement
We computed after career (adulthood for nonathletes) physical activity engagement (minutes/week) of moderate and vigorous intensity based on structured questions regarding participation in three dimensions: recreational, traveling to and from places (walk or bicycle), and at work. These questions contemplated items such as the activity performed in each dimension, the average number of days/week, as well as the mean (minutes) duration. According to the recommendations from the American College of Sports Medicine and the American Heart Association for adults, 8 individuals were considered to have lower physical activity than recommended if after career termination, they engaged in <30 minutes/day on 5 days/week of moderate-intensity aerobic, or <20 minutes/ day on 3 days/week of vigorous-intensity aerobic activity. If engagement had been at least 30 minutes/day on 5 days/week of moderate-intensity aerobic, or 20 minutes/day on 3 days/ week of vigorous-intensity aerobic activity, we considered participants as meeting the physical activity recommendations.
Alcohol consumption
We adopted the WHO guidelines regarding frequency and pattern of drinking 9 and categorized participants into four groups: (1) hazardous drinkers were defined as those who in one single occasion in the past 30 days had drunk five or four standard alcoholic drinks (for men and women, respectively); (2) those who usually drink the reported alcoholic beverages, rarely or never with meals; (3) moderate drinkers (if they have not drank five for men or four for women standard alcoholic drinks in one single occasion in the past 30 days and the consumption is typically at mealtimes); and (4) abstainers (if they never consumed an alcoholic drink).
Fruit and vegetable consumption
By separately multiplying the weekly frequency by the number of daily servings and dividing it by seven, we estimated the daily average consumption of fruit and vegetables. We included individuals who consumed less than five daily servings of both in the insufficient consumption category. 10 
Smoking status
A participant's smoking status was based on a detailed smoking history and they were classified under three categories: never, ex, or current smokers.
Occupation
We categorized socioeconomic and occupational groups as follows: government employee, nongovernment employee, self-employed, retired, unemployed-able to work, and unemployed-unable to work. For employed individuals, we assessed information regarding physical activity at work.
Anthropometric measurements
We asked participants to self-measure height and weight, in order to provide current values. We requested that height measurements be carried out by a second person, and instructed the participant to stand barefoot (also for weight measurement), leaning against a wall and looking forward. Using height (m) and weight (kg) measurements, we calculated the body mass index (BMI) in kg/m 2 and it was categorized as follows: normal weight (BMI 24.99 kg/m 2 ), overweight (BMI 25.00e29.99 kg/m 2 ), and obese (BMI 30.00 kg/m 2 ). Regarding abdominal circumference, we requested that the measurements be carried out without clothes; that is, directly over the skin, halfway between the lowest rib and the top of the hipbone. Sample images were available.
Biochemical analysis
Biochemical data and blood pressure measurements were collected at the laboratory, with participants having fasted for at least 12 hours prior to this. The values were recorded on the questionnaire form. Measurements obtained on fasting in the last 12 months, and carried out in specialized laboratories, were also accepted.
According to the Third Report of the National Cholesterol Education Program, 11 participants were categorized as hypertensive (systolic blood pressure/diastolic blood pressure 130/85 mmHg or regular use of antihypertensive medication), hyperglycemic (fasting blood glucose 100 mg/dL or current use of insulin or oral hypoglycemia medication), and hyperlipidemic (cholesterol > 240 mg/dL; or HDL < 40 mg/ dL in men or < 50 mg/dL in women; or LDL 160 mg/dL; or triglycerides 150 mg/dL; or current use of medication to treat lipidemic disorders).
Examples (show cards) and measurement protocols were provided for the questions relating to the standard alcohol drink (one standard drink e alcohol content of a standard drink is approximately 10 g of ethanol), fruit and vegetable servings (one serving e content of one standard serving is approximately 80 g, with tubers such as potatoes and cassava excluded), and the postcareer physical activity engagement (vigorous and moderate physical activity e according to the Compendium of Physical Activities 12 ).
Statistical analysis
Cross-tabulations of the Chi-square test were used to examine differences in behavioral and biological characteristics. The continuous variables were analyzed using Anova (Kruskal-Wallis for the not normally distributed). A dichotomous dependent variable was constructed to each of the categorical variables and coded 1 for "no" and 2 for "yes". Logistic regression estimated the association of the level of participation, as well as the type of sports according to intensity with the likelihood of the presence of each of the risk factors. Adjustments were made for age and occupation in behavioral characteristics, and to age, and occupational and family history of each of the biological ones. The covariates for the logistic regression models were forced into the model. Significance was considered to be p < 0.05. All statistical analysis was carried out using PASW Statistics 18 for Windows (SPSS Inc., Chicago). Table 1 shows that regarding smoking characteristics, nonathletes had a higher prevalence of smokers (80% of men and 78% of women) compared to former nonelite athletes (19% of men and 36% of women), and elite athletes (36% of men and 28% of women). However, both male (12%) and female (10%) former elite-athletes groups had a higher percentage of participants who had smoked in the past. Female former nonelite athletes (1.7 ± 1.1), and male nonathletes (1.5 ± 0.9) had the lowest daily consumption of fruit and vegetables. Among men, former elite and nonelite athletes had a similar prevalence (66% and 62%) of participants with less than five servings of fruit/vegetables consumed every day, and a lower prevalence when compared to nonathletes (94%). Furthermore, among women, nonathletes also had a higher prevalence (88%), but there was a significant difference (adjusted standardized residual value) between former elite athletes (46%) and nonelite athletes (78%). Nonathletes had a significantly lower percentage of men engaging in moderate-(43%) or vigorous-intensity sports (18%) in their leisure time, fitness or recreational physical activity, walking or using a bicycle for at least 10 minutes continuously to get to and from places (27%), and total time insufficient physical activity engagement (55%). Also, in nonathletes, the percentages of women engaging in leisure-time moderate-intensity sports, fitness or recreational physical activity (18%), walking or use a bicycle for at least 10 minutes continuously to get to and from places (29%), and total time insufficient physical activity engagement (61%) were the lowest of the three groups.
Results
As Table 2 shows, with regard to blood lipid values (LDL and HDL in women, cholesterol and triglycerides in both men and women) nonathletes presented the worst profile (p < 0.001). Likewise, nonathletes of both sexes had the highest prevalence of dyslipidemic participants (88%), followed by former nonelite athletes (62% of men and 75% of women) and elite athletes (53% of men and 20% of women). Regarding blood pressure values, we only found significant differences among women, specifically in systolic blood pressure, where the lower values were in former nonelite athletes (105.2 ± 15.1 mmHg), intermediate values in former elite athletes (108.5 ± 20.4 mmHg) and the highest values in nonathletes (116.7 ± 22.2 mmHg). First value corresponds to men and the second to women (i.e., 46% of men and 22% of women), (51% of men and 25% of women), (71% of men and 61% of women). Men who were former elite athletes had lower fasting glucose levels (91.7 ± 17.2 mg/dL), followed by nonelite athletes (94.4 ± 19.8 mg/dL) and nonathletes (105.3 ± 23.6 mg/dL). Nevertheless, hyperglycemia results presented important differences (p < 0.001) among men and women, with more hyperglycemic individuals among nonathletes (67% for men and 43% for women) than the former nonelite athletes (48% for men and 28% for women) and elite athletes (37% for men and 10% for women). With regard to BMI or to the prevalence of participants who were overweight/ obese, no statistically significant differences were found among men. However, among women, we observed that nonathletes had a higher average BMI (27.7 ± 4.8) than former nonelite athletes (25.9 ± 3.4) and elite athletes (22.7 ± 1.9). They also had a higher prevalence of overweight/ obese individuals (74%), when compared to former nonelite athletes (65%) or elite athletes (20%).
In logistic regression analysis regarding behavioral risk factors adjusted for age and occupation (Table 3) , results from odds ratios (OR) with 95% confidence interval (CI) revealed that both male and female former elite athletes (OR ¼ 0.14, 95% CI ¼ 0.06e0.61 for men, and OR ¼ 0.10, 95% CI ¼ 0.04e0.22 for women) and nonelite athletes (OR ¼ 0.06, 95% CI ¼ 0.02e0.13 for men, and OR ¼ 0.16, 95% CI ¼ 0.07e0.37 for women) were substantially less likely to smoke than those who had not been athletes in the past. They also presented between 60% and 91% lower likelihood to not consume five servings of fruit or vegetables/day. Regarding insufficient physical activity engagement, only female former nonelite athletes showed no significant differences when compared to nonathletes. Male former elite athletes (OR ¼ 0.30, 95% CI ¼ 0.15e0.60), nonelite athletes (OR ¼ 0.39, 95% CI ¼ 0.19e0.80) and female former elite athletes (OR ¼ 0.16, 95% CI ¼ 0.07e0.33), presented significant differences. We found no significant differences regarding OR for drinking alcohol.
The results of logistic regression related to biological risk factors and adjusting for age, occupation, and family history of each of the risk factors in the analysis (Table 4 ) revealed that dyslipidemia association was less likely to happen in both groups of former athletes (both sexes) than in nonathletes. The most favorable probability belonged to former elite athletes of both sexes (p < 0.001). We found that hypertension was less likely among female former elite athletes and nonelite athletes, as well as male former elite athletes, when compared to the reference group (nonathletes). With respect to hyperglycemia, regardless of sex, former elite athletes (OR ¼ 0.23, 95% CI ¼ 0.11e0.49 among men, and OR ¼ 0.15, 95% CI ¼ 0.07e0.35 among women) had an inferior probability (p < 0.001) for this risk factor. Likewise, male former nonelite athletes also presented a lower likelihood for hyperglycemia. Finally, regarding being overweight/obesity, we only found significant results among female former elite athletes, which were associated with a 91% risk reduction when compared to female nonathletes.
Discussion
This study shows that, generally, being a former athlete, especially at an elite level, is associated with a decreased likelihood for the prevalence of major chronic disease risk factors identified in the World Health Report 13 from the WHO (behavioral: tobacco use, harmful alcohol consumption, low fruit and vegetable consumption, and physical inactivity; biological: being overweight and obesity, raised blood pressure, raised blood glucose, abnormal blood lipids, and the subset raised total cholesterol).
It is well accepted that many factors act through or in combination with other intermediate factors. 14 For example, education or occupation may affect smoking, physical activity, and diet, which are risk factors for cardiovascular diseases, both directly and through further layers of such inbetween factors as BMI, blood pressure, and cholesterol. 15 In this sense, there is also an assumption that the sportsoriented way of life adopted by athletes may contribute to the maintenance (in the postcareer period) of their healthrelated lifestyle habits. 16 This is premised on the results of several studies, showing a trend for former athletes to continue an active and healthier lifestyle throughout their adulthood, 2,7,17e19 and is now reinforced with our own outcomes. Nevertheless, it seems important to highlight other data obtained in this study.
It has been shown that male former elite athletes are also more physically active than age-matched control individuals. 20 A preceding study 21 found that, after career cessation, >60% of former top-level male athletes engaged in leisure-time physical activity or competitive sports throughout their adult life. Given the lack of information on females, to our knowledge our results are novel in demonstrating that this behavior is also common in female former elite athletes.
Regarding nonelite athletes, Rainey et al 22 compared former collegiate athletes with nonathletes, and they were also found to have higher levels of physical activity. The similarity of our results is also evidenced among male former nonelite athletes, as shown by their lower likelihood of insufficient physical activity engagement than among male nonathletes. However, as in a previous study, 19 our findings suggest that former elite athletes participate more often than nonelite athletes or nonathletes in vigorous activity in their adult life. Likewise, both men and women are generally more prone than former nonelite athletes and nonathletes to engage in the recommended amounts of physical activity.
Some studies have linked vigorous activity but not moderate activity with a significantly lower prevalence of risk factors, such as high BMI, diastolic and systolic blood pressure, and low HDL. 23 Hence, even though when compared to nonathletes and regarding insufficient physical activity engagement, both former elite athletes and nonelite athletes presented significantly lower ORs; the elite athletes' higher adhesion to vigorous activities may be linked to a future lower prevalence of chronic diseases among them.
In the analysis related to smoking behavior, our results reveal significant differences between nonathletes and former athletes, with a clear advantage to former athletes. Such differences were already outlined in a Finish cohort study, 16 which concluded that male former elite athletes tend to smoke less. Nevertheless, according to the Portuguese data available at the latest WHO Report on the Global Tobacco Epidemic, the percentage of current smokers in the group of nonathletes is considerably higher than normal. 24 In fact, we must emphasize that the analyzed nonathletes group is not representative for the Portuguese population with regard to smoking prevalence. Therefore, no conclusion can be inferred about the general population, but only for this fringe of society. Nevertheless, we also found a significant difference between the percentages of individuals who, although not currently smoking, have smoked in the past. Naturally, this is beneficial when compared to actual smokers. However, a previous study 25 investigating behavioral practices and mortality among former college athletes found that not only current smokers, but also past smoking habits were the main behavioral practices associated with mortality. Likewise, Kujala et al 26 found a lower risk for diabetes in former athletes when compared with referents; however, although reduced, this risk was higher in ex-smokers. This raises the question whether this significantly increased number of ex-smokers among Portuguese former elite athletes is due to an increased smoking habit by the time of their careers, or if the achievement of the top level provides an incentive for stopping.
According to the United States Department of Agriculture and Department of Health and Human Services, 10 consumption of vegetables and fruit is associated with a reduced risk of many chronic diseases and is important for weight management. Our results show that, regarding daily consumption, there is a big difference between those who were athletes in the past and those who were not. The percentages of individuals considered to eat insufficient amounts of fruit/ vegetables every day are consistent with those differences. Generally, >50% do not consume the recommended five servings/day. This means that even with higher intakes, it may not be a valid predictor for possible differences in the biological risk factors between former athletes and nonathletes.
A previous investigation found no differences in alcohol intake between former athletes and nonathletes. 27 Our findings also show no significant differences in the OR for hazardous drinkers between the main groups and across the sexes. However, concerning the pattern of drinking, former nonelite athletes had a lower percentage of participants claiming to drink outside meals (not shown), which can give them some extra protection. These patterns of drinking e known as binge drinking (heavy drinking occasions and the proportion of drinking that occurs outside of meals) e have been largely bound to two categories of disease outcomes: acute effects of alcohol such as accidental and intentional injuries, and cardiovascular. 28 Table 3 Odds ratio for the development of behavioral risk factors. It is known that an unhealthy diet, physical inactivity, and genetics can increase cholesterol levels. 29 In a 15-year followup of 36 former athletes and 23 controls, Marti et al 30 found evidence that, in both the presence and absence of an athletic predisposition, behavioral factors tended to influence the atherogenic risk of serum lipid profiles. As shown, former athletes tend to adopt healthy behaviors, and therefore, this is also reflected in the lipid profile or the prevalence of dyslipidemia.
The percentage of hypertensive participants was substantially lower in female former elite athletes and nonelite athletes when compared to nonathletes. Although it is known that, especially after the age of 50, more women than men have hypertension, women benefit significantly when they receive therapy to normalize blood pressure. 31 It is also known that exercise remains a cornerstone therapy for primary prevention, treatment, and management of hypertension. This leads us to suggest that a more active lifestyle, regardless of its intensity, 12 may be even more important for women than for men. This can probably be related to the reported lower likelihood of hypertension in female former athletes, who are more active than nonathletes.
As in another previous study, 18 we also noticed that the likelihood of hypertension was lower among male former elite athletes. There is evidence that former elite athletes tend to maintain their cardiorespiratory fitness advantage, a physiologic attribute related to the efficiency of the sustained physical activity 32 over nonathletes, well into middle age. 6 Epidemiologic studies have shown that physical activity 33 and cardiorespiratory fitness 34 are inversely related to blood pressure and the prevalence of hypertension which can explain this lower likelihood among former elite athletes.
Bad diet choices and low physical activity levels increase resistance to insulin, which in turn raises blood glucose. 17 Genetics play an important role in whether individuals with similar diets and physical activity levels have raised blood glucose and face higher risks of cardiovascular diseases. In our analysis, excluding female former nonelite athletes, former athletes presented a significantly lower percentage of hyperglycemic individuals than nonathletes, which might be explained by their healthier behaviors. However, besides a probable genetic advantage of former elite athletes, the small differences between the lifestyle habits of former nonelite athletes and nonathletes may help in understanding why only the elite ones have shown a considerably minor likeliness of hyperglycemia development. Moreover, in another survey that was part of a follow-up study, 35 3940 college alumnae, half of whom were former athletes, were asked about their medical history. Results showed that physical activity and BMI correlated to a decreased risk of noninsulin-dependent diabetes, with former athletes, current exercisers, and those having an optimal BMI having a reduced risk. Whereas in both physical activity engagement and BMI, female former nonelite athletes are the ones with results more similar to the reference group (nonathletes), this can naturally be associated with the insignificant differences between them.
Regarding BMI, contrary to female former elite athletes, male former elite athletes, and male and female former nonelite and nonathletes, presented mean BMI values >25, the cut-off for being overweight. Among former athletes, studies particularly related to BMI are scarce. However, as in our study, some other studies also presented BMI values >25. 36 According to Saarni et al 37 repeated cycles of weight loss and regain seem to increase subsequent weight gain and may predispose to being overweight/obesity, contributing to a possible explanation for the absence of differences between the groups concerning the probability of having a BMI > 25. Furthermore, BMI may not be a reliable measure in a population of athletes, once it is based on a correlation between body fat and BMI, failing to quantify body composition. 38 Considering that, as our results show, after ending their careers both former elite and nonelite athletes still engage in higher amounts of physical activity than nonathletes, it should be expected that they maintain characteristics from that differentiating body composition, which may influence BMI results. Additionally, those common differences in the BMI from athletes and nonathletes might be even more important when considering the type of sports, especially between endurance and power sports/athletes. 38 As this was not the main purpose of this research, we aim to publish a new article regarding the analysis of these same risk factors across former athletes from different sports and sports intensities.
Additionally, regarding sex differences, it is known that from the onset of puberty to menopause, women maintain a greater percentage of body fat mass than men despite a smaller energy intake/kg lean mass 39 and preferentially use fat as a fuel during exercise compared to men. 40 Examining our results, it is noticed that female former elite athletes presented healthier values when analyzing behavioral risk factors. This healthy behavior can give a special contribution, and can play an even more important role in their association with a lower likelihood of being overweight/obesity.
Methodological issues in this study need to be addressed. All information on actual physical activity, height, weight, waist circumference, and other health-related behaviors was self-reported. Nevertheless, in spite of the problems with measuring these on a questionnaire, our response rate provides useful information on middle-and old-age former athletes and controls, and the biases are unlikely to impact the results.
In summary, it is possible to postulate that, besides alcohol consumption, both male and female former elite and nonelite athletes have a lower likelihood to engage in unhealthy lifestyle behaviors. Despite the general advantage of both former elite and nonelite athletes over nonathletes, the elite athletes present a lower likelihood of being affected by biological risk factors. Albeit the general results are similar for both sexes, women appear to have slightly more marked differences, with a clear advantage for the elite athletes.
These former athletes' health habits and the directly or indirectly subsequent biological factors are likely to explain the lower likelihood for chronic diseases presented in one of our previous publications. Therefore, beyond the already known benefits of physical activity engagement, we consider our findings as an improvement and a stimulus for engaging in sports at a younger age. Mostly due to the apparent association with a healthier lifestyle and consequently, a lower prevalence of risk factors associated with major chronic diseases, this can be even more important for women.
Further investigations on the existence of differences between former athletes from different sports are necessary.
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